Background and Aims Graft survival in HCV (hepatitis C virus) infected recipients is worse than those transplanted for other liver diseases. We studied whether several donor cardiovascular risk factors (including advanced age, smoking, hypertension, and diabetes mellitus) contribute to worse outcomes for HCV positive and HCV negative liver transplant recipients. Methods We obtained data from the United Network for Organ Sharing on all adult liver transplants performed in the United States between January 1, 1998 and December 31, 2003. In total, 27,033 transplant cases were evaluated. Independent predictors of graft survival were determined using Cox proportional hazards regression analysis after controlling for factors previously found to be associated with differences in transplant outcomes. Results Donor diabetes was a strong independent risk factor for graft failure [hazard ratio (HR) = 1.20, p = 0.006] only in HCV positive recipients. Neither donor smoking status nor hypertension predicted graft loss in either cohort. Consistent with previous studies, advanced donor age, donation after cardiac death, height, and African American donor all predicted graft loss amongst both cohorts. Conclusion Accounting for donor diabetes in relation to recipient HCV status in the selection of liver recipients may result in improved graft survival.
Introduction
End stage liver disease due to HCV-induced cirrhosis is the leading indication for liver transplantation in the United States and Western Europe [1] . Unfortunately, long-term graft and patient survival in HCV-infected recipients is lower than that in recipients transplanted for other underlying liver diseases [2] . Several mechanisms likely contribute to this observation, including disease recurrence and subsequent rapid fibrosis progression. HCV recurs post transplantation in 95 % of patients. HCV-induced hepatitis occurs in 90 % of patients, and HCV-induced cirrhosis occurs in 30 % of patients by five to seven years after transplantation [2] . Long term graft survival at five years was 10 % lower for patients with HCV infection as compared to recipients without HCV infection after orthotopic liver transplantation [3] .
Since HCV-infected transplant recipients may be particularly vulnerable to graft failure, our study aims to elucidate some of the donor factors that can adversely affect graft survival in HCV positive recipients. In particular, given the high prevalence of cardiovascular disease in the United States and Western Europe, we retrospectively investigated whether donor cardiovascular risk factors such as hypertension, diabetes, older donor age and smoking contribute to worse outcomes for patients who underwent Y. Wu (&) Division of Gastroenterology, Massachusetts General Hospital, 55 Fruit St, Blake 4, Boston, MA 02114, USA e-mail: yingny@gmail.com liver transplantation for HCV cirrhosis compared to those transplanted for other indications. Insufficient donor data exists to evaluate the contribution of hyperlipidemia.
Methods
Records of all adult liver transplants performed in the United States between January 1, 1998 and December 31, 2003 were obtained from United Network for Organ Sharing (UNOS) Standard Transplant Analysis and Research files. This time period was chosen to capture the post-MELD era, yet allow for adequate follow-up duration (10 years) after transplant. These files contain one record per transplant event, along with data from the most recent follow-up visit for each patient. Data are collected by each transplant center and transmitted to UNOS at the time of registration, time of transplant, 6 months after transplant, and annually thereafter.
The following exclusion criteria were applied: those with unknown hepatitis C status, multi-organ transplant, living donors, and patients with other viral hepatitis coinfection. HIV co-infected patients were not excluded due to a very small number of such patients. The hepatitis C cohort was defined as those patients with documented detection of an antibody to HCV (anti-HCV) and a diagnosis of either type C cirrhosis or chronic or acute hepatitis C. The HCV-negative cohort consisted of patients with documented negative anti-HCV and a diagnosis other than type C cirrhosis, or alcoholic cirrhosis with hepatitis C.
The primary outcome measure was recipient death or the need for re-transplantation. The dataset did not make it possible to ascertain exact cause of recipient death or need for re-transplantation. Overall survival was computed with the Kaplan-Meier estimator. Comparisons of survival between groups were performed with the log-rank test. Cox proportional hazards regression modeling was used to determine independent predictors of graft survival following transplantation. To build the model, we first performed univariate analysis for donor variables shown to be significant in previous studies to impact graft survival [2] , including the seven donor factors of Feng et al's Donor Risk Index [4] . The donor variables were: donor age, height, African American ethnicity, gender, cold ischemia time, warm ischemia time, Cr, INR, bilirubin, albumin. BMI donor data was not available from the database. We also included four cardiovascular risk factors available in the database: donor age, hypertension, diabetes, and smoking. Hyperlipidemia is a known cardiovascular risk factor that could not be included due to lack of sufficient data. Hypertension and diabetes were determined by a ''yes/no'' question posed by the transplant center.
We included in our Cox regression analysis those variables shown to be significant predictors (p \ 0.05) of outcome in our univariate analysis. For the regression analyses, observations that contained a missing value for any predictor were excluded.
Results
Of the 27,033 adult liver transplants listed in the UNOS database between January 1998 and December 2003, 20,702 met inclusion criteria. Of these, 9587 (46 %) were HCV positive and 11,115 (54 %) were HCV negative. Baseline demographic and transplant characteristics are largely similar, as shown in Table 1 . Overall, the HCV positive cohort had a lower MELD score at the time of transplantation, but slightly older donors (39.1 vs 38.9). As expected, the HCV positive cohort had a higher proportion of men. The median follow-up for the HCV positive group was 4.4 years, and 4.9 years for the HCV negative group. Figure 1 shows the Kaplan-Meier survival curves for HCV positive versus HCV negative transplant recipients. Consistent with previous studies, survival was lower for the HCV positive cohort than the HCV negative cohort. This difference first became apparent 9 months after transplantation and continued throughout the study period.
In the univariate analysis (not shown), the presence of donor diabetes appeared to impart a survival disadvantage among both the HCV positive group and the HCV negative group (HR = 1.42, p \ 0.0001 for HCV positive; HR = 1.27, p = 0.0006 for HCV negative). All variables shown to be significant predictors (p \ 0.05) of outcome in our univariate analysis were then included in the Cox multivariate regression model except non-cardiac cause of donor death due to missing data. Cox proportional hazards regression modeling showed that having a graft from a donor with diabetes was a strong independent risk factor for graft failure (Table 2, Fig. 2 ) with hazard ratio (HR) = 1.20, p = 0.006 in the HCV positive transplant recipients. However, this association was not seen in the HCV negative cohort (Table 3 ). In terms of other cardiovascular risk factors, there was no deleterious effect of either donor smoking or hypertension seen for either cohort (Tables 2 and 3) .
Consistent with the donor risk index of Feng et al., donation after cardiac death was found to be a significant predictor of poor outcome in both HCV positive and negative cohorts (Tables 2 and 3 ). Also consistent with previous studies, the donor variables of older age, less height and African American ethnicity were independent risk factors for graft failure in both cohorts (Tables 2 and 3) . Split liver transplants appear to be a strong independent predictor of poor outcome only among HCV negative recipients (Table 3 ).
Discussion
Our study reveals a novel finding that HCV positive transplant recipients have worse graft survival if their donor has diabetes. Feng et al's donor risk index is one of the most widely known studies that identifies donor risk factors for poor orthotropic liver transplant outcomes. Feng's study identified seven donor characteristics that are significantly and independently associated with increased failure of deceased donor liver transplants: Donor age over 40 years [and particularly over 60 years], donation after cardiac death (DCD), African-American race, less height, split/partial grafts, cerebrovascular accident and ''other'' causes of brain death were significantly associated with graft failure [4] . Our results concur in showing that advanced donor age, donation after cardiac death, less height, and African American ethnicity are significantly and independently associated with worse graft survival in both HCV positive and negative cohorts. In our study, split/ partial grafts were strongly associated with graft failure in the HCV negative cohort only. Our study differs from Feng's study in that the donor risk index did not distinguish between HCV positive and negative recipients. This lack of distinction in recipient HCV status may have masked the detrimental effect of donor diabetes on HCV positive liver transplant recipients. This may explain why diabetes in the donor was not identified as a significant risk factor previously in the donor risk index of Feng et al.
Few studies have addressed the impact of donor diabetes on liver transplant outcomes and even fewer on recipients with HCV. Many studies have associated Diabetes Mellitus Type II (DMII) with hepatic steatosis, a benign form of non-alcoholic fatty liver disease (NAFLD) [5] . Growing evidence suggests that NAFLD patients with diabetes are more likely to progress to non-alcoholic steatohepatitis (NASH) than NAFLD patients without diabetes [6] . NASH is a damaging form of NAFLD that leads to fibrosis and cirrhosis, resulting in poor graft function [7] . The worse outcomes of patients with DMII and NAFLD may be explained by chronic inflammation, oxidative stress [8, 9] , and the up-regulation of hepatotoxic cytokines [7] . Studies have shown that grafts with moderate hepatic steatosis ([30 %) accelerate the progression of HCV disease and should not be used for HCV patients with high MELD scores [10] , and another study found that moderate steatosis in combination with prolonged ischemic time resulted in worse transplant outcomes in HCV recipients [2, 11] . The association of worse graft outcomes in HCV positive recipients with diabetic donor livers seen in our study may be attributable to pre-existing graft steatosis and fibrosis induced by diabetes in the donor, which is further exacerbated by post-transplant HCV recurrence with subsequent fibrosis. There were several limitations to our study. Non-cardiac cause of donor death, which was a significant predictor of graft failure in the donor risk index of Feng et al. was not included in our model due to lack of data (missing for 98 % of our transplants). Insufficient donor graft data existed to assess for steatosis or fibrosis since donor biopsies were not routinely performed. The primary outcome measure was recipient death or the need for re-transplantation, but the dataset did not make it possible to ascertain exact cause of recipient death, which may not have been liver-related. There were no data available regarding patients with HCV antibody who lack HCV RNA. The definition of diabetes in donors was determined by the transplant center and thus may have lacked uniformity. Duration of diabetes and treatment information was not available, although it is unlikely that there would be bias in these regards in liver allocation between HCV positive and negative recipients.
Conclusions
In conclusion, this study suggests that donor diabetes negatively impacts graft survival in HCV positive recipients. Since HCV-infected transplant recipients may be particularly vulnerable to graft failure, accounting for donor diabetes concurrent with HCV status in the selection of liver recipients may result in improved graft survival. 
